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SUMMARY 

Available methods developed a t  the National Advisory Committee fo r  
Aeromutics for estimation of water mfng loads on hydro-ski-equipped 
a i r c r a f t   a r e  s-ized i n  order  to  provide a unified  picture and b i b l i -  
ography of NACA work on this subject. Tvo approaches t o  the problem of 
calculating hydro-ski. landing loads are covered. Both a r e  based on the 
evaluation of damwash mentum; one makes use of a computed downwash 
momentum and appl ies   to  f l a t  and V-bottom skis of rectangular plan-form, 
whereas the  other makes use of planing data and appl ies   to  skis of varied 
cross  section and plan form. 

An adaptation of this theory for  investigating the e f fec t  of shock 
a t ru t  mounting on hydro-ski landing loads is mentioned. An i l l u s t r a t i v e  

by means of such  mountings. A procedure for  estimating hydro-ski pressure 
dis t r ibut ions is reviewed which is applicable Over a wide  range of wetted 

rather  extensive l ist  of references is presented which contafns  the details 
of a l l  of t h i s  material, w i t h  the  exception of the calculations for the 
shock-mounted ski. 

- computation indicates that substant ia l  load reductions may be achieved 

a spec t   r a t io ,   t o  flat and V-bottom sk is  of rectangular  plan form. A 

Load investigations on hydro-skis have been going on for  some time 
at the Langley Aeronautical  Laboratory  and it is the purpose of t h i s  
paper to   p resent  the status of t h i s  research. Although  hydro-ski-equipped 
a i r c r a f t  may be operated from snow, ice ,   or  sod in   addi t ion  to water, 
this discussion w i l l  be r e s t r i c t e d   t o  water  operations and, more specifi-  
cal ly ,   to   the loads encountered in  these  operations.  The problem of 
hydrodynamic behavior  pertinent  to  water  operations is  t r ea t ed  in refer-  
ences 1 t o  6 and will not be considered  here. 
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The problem considered i n   t h i s  paper may be stated as follows: For . 
specified ranges of i n i t i a l  landing velocity,   at t i tude,  and ski geometry, 
What are the  loads and their distributions  during impact7 The results 
of the work on this problem all be presented  in  the  folloxing  order.  
F i r s t ,   theore t ica l  methods f o r  computing hydro-ski landing loads w i l l  be 
touched on and their results compared with experimental data. Then the 
e f fec t  of chine immersion In reducing  hydro-ski Impact loads will be 
reviewed. Next, the use of shock-strut mountings for  further  reduction 
of hydro-ski loads will be  discussed, and, finally, hydro-ski pressure 
distributions  calculated by a recently developed method w i l l  be compared 
with  experimentally  obtained  pressures on f la t  and V-bottom rectangular 
ski0 

DISCUSSION 

Some of the nomenclature  and the pertinent  parameters  used In the 
Polloving discussion of the  basic Load theory  are shown i n  figures 1 
and 2. Figure 1 pictures a hydro-ski-equipped s i r c r a f t   i n   t h e  landing 
condition, while figure 2 illustrates some of  the m a y  shapes which 
actual  ski   configurations may assume. The plan forms shown i n  figure 2 
include  the  rectangular, V-step, and triangular shapes. The cross  sec- 
tions shown, some of which have been enlarged for   c lar i ty ,   include flat 
and V-bottom ski6 of eeveral  dead-rise angles and having f la red  and 
vertical   chines,  and also curved  bottom shapes. 

Impact bad Theory fo r  Rigidly Mounted Hydro -Ski8 

I n  order  to  begin  the  discussion of the  basic load theory,  consider 4 

t he   a i r c ra f t  of figure 1, which is landing with the   resul tant   veloci ty  VR. 
The component of this velocity normal t o   t h e  ski bottom I s  designated VN. 
Since vlscoue forces along the s k i  are ususlly very small during impact, 
the  resultant hydroaynamic force is  directed normal t o   t h e  ski bottom 
and is designated a. For prac t ica l  impacts of  such narrow, heavlly 
loaded  bodies, it can  be shown that ,  f o r  a given ski,  t h i s  nonnal force 
at any instant  is a function pr incipal ly  of the wetted length Zw, the 
t r im T, and the normal velocity V,. Consequently, the  force on the 
impacting ski shown ia figure 1 is  the same as the  force on t h i s  same 
ski i n  the planing condition, for identfcal  valuee of wetted  length, 
trim, and normal velocity. The problem is thus  simplified  in that it 
now become6 similar to that of a ving i n  steady flight for which the 
force at any instant  is determined by the downwash  momentum. Substi tution 
of the  re la t ion between this force and the  wetted length into the classical 
equation of motion results in a differential   equation which can be inte- 
grated to  yield impact load time his tor ies .  
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. Two methods  have  been  developed at the NACA for  estimating  the  down- 
wash  momentum  for  hydro-skis  having  negligible  longitudinal  bottom curva- 
ture.  One,  which  is  termed  the  deflected-mass  theory,  involves  the  compu- 
tation of this damwash momentum,  while  the  other,  which is termed  the 
planing-data  theory,  involves  the  determination of this  momentum  from 
planing data obtained  with  the  ski  model  in  question.  The  deflected-mass 
theory  (ref. 7 ) ,  which  is  simple  to  apply,  is  at  present  restricted  to 
s k i s  of  rectangular  plan  form,  whereas  the  planing-data  theory  (ref. 81, 
although  involving  sdditionsl  work,  is  more  general  and may be  extended 
to skis of varied  plan  form  and  cross  section. 

The  deflected-mass  theory has been  substantiated in comparisons  with 
experimental  data  from  references 9 to 11 covering  wide  ranges  of  trim, 
dead-rise  angle,  flight-path  angle,  and  ski  loading.  Examples  of  the 
agreement  between  this  theory  and  experimental  data  are shown in  figures 3 
and 4. The  variation  of  impact load factor  with  time  after  contact  during 
a typical  landing of a rectangular  flat-plate  hydro-ski  is  given in fig- 
ure 3,  whereas  figure 4 gives  the  load-factor  variation for a typical 
landing of a rectangular  V-bottom  hydro-ski. The loads on the two figures 
should  not  be  compare’d  since  the  landing  speed  is  greater  for  figure 4 
than  for  figure 3 .  The  agreement  shown  between  theory and experiment, 
however,  indicates  that  the  deflected-mass  theory may be used with  reason- 
able  accuracy  to  predict loads on relatively  straight-sided,  rectangular 
hydro-skis  and  to  determine  trends  with  ski  geometry  and  fuselage  weight 
over  the  practical  range of hydro-ski  Landing  conditions.  Although  the 
loads  predicted  by  the  planing-data  theory  have  been  checked w i t h  only 
limited  data,  the  results  of  the  checks, fn addition  to  theoretical  con- 
siderations,  indicate  that  this  theory  should  give  even  better  agreement 
over  this  range. 

In order  to  test  the  applicability of the  more  general  planing-data 
theory for  plan forms other than rectangular,  comparisons  were  made of 
load  time  histories  calculated  by  this  theory with impact data for a flat- 
bottom,  V-step  hydro-ski  (ref. 12). A typical  impact is illustrated  in 
figure 5 ,  in  which  the  solid  line is the  theory  for  the  V-step s k i  and 
the  circles  are  the  corresponding  experimental  data. The quality of the 
agreement  shown  indicates  that  the  planing-data  theory  can also be  used 
with  reasonable  accuracy  to  predict loads on skis of n o n r c c t q u l a r  plan 
form. The  dashed  line is included  as a matter of interest to show the 
difference  between  the  theoretical  force  curves  for a rectangular and a 
V-step  ski,  for  identical  landing  conditions. 

Since  the  planing-data  theory  showa  promise  for  calculation of 
loads on hydro-skis of varied  plan form, extensive  high-speed  experi- 
mental planing data  collected in towing  tanks  have  been d e  available 
in  references 13 to 23 for  use  in  practical  hydro-ski  Landing  calcula- 
tions.  The NACA planing data were  collected  with  the  series of hydro- 
ski models  shown In figure 2 for  wide  ranges of wetted  length  and  trim. 
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The ef fec ts  of plan form and bottcan cross-sectional  shapes on impact 
character is t ics  may be  determined by subst i tut ing these data Fnto the 
planing-data  theory for the des f red   ca~es .  

. 

Effect of Chine Inrmersion on Landing Loads 

A t  this   'point ,  it might be of interest   to  discuss  the  load-reducing 
qual i ty  of the hydro-ski with the aid of figure 6. This figure shows 
the  var ia t ion of maximum lo& with flight-path angle at water  contact 
fo r  V-bottom models having  angles  of dead r i s e  of 30°. The c i r c l e s  
represent data collected in high-trim experimental landings of a heavily 
l o a d  hydro-ski (ref. 10). The upper  dashed l ine  represents the wlde- 
float  seaplane  theory  of  references 24 and 25, which exe based on Wagner's 
expanding-plate  solution  (refs. 26 and 27) and assume no innnersion of the  
f l o a t  side or  chines. The error  which would be  introduced  through  the 
use of this theory  for computing loads on narrow hydro-skis i s  i l l u s t r a t e d  
by  the  separation between the dashed line and the data points.  The so l id  
l ine,  which was computed from the  deflected-mass  theory, follows the  
wide-float  theory until the flight-path  angle is reached above which chine 
immersion occurs  (roughly 2O f o r  this case). A t  this point  the wetted 
wldth ceases  to expand, which results i n  a slower  build-up of downwash 
momentum, allowing deeper  penetrations with consequent reduction of load. 
This line agrees f a i r l y  well with the experimental data. The beneficial  
e f fec t  of chine immersion on loads f o r  narrow, heavily  loaded  hydro-skis 
is thus indicated  for single impacts. This ef fec t  was also demonstrated 
in actual  multiple-impact Landing tests made at the towing tanks with 
free-flying models. In these tests, which are  described  in  reference 5 ,  
the  load reduction  appeared t o   r e s u l t  from two separate  causes.  First, 
the narrow skis penetrated  the  water t o  considerable drafts, allowing a 
large  vertical   travel  for  absorption of sinking-speed  energy and fo r  
knifing  through waves, and, second, the hyllro-ski-equipped a i r c r a f t  
exhibited improved hydrodynamic behavior inasmuch as ve r t i ca l  and pitching 
osc i l l a t ions   i n  rough water w e r e  reduced, with 8 consequent reduction  in 
the  amplitude and severity of successive bounces i n  a landing  run. 

.. 

Impact Load Theory fo r  Shock-Mounted Hydro-skis 

A fur ther  means for  reduction of water landing loads which has been 
considered i s  that of mounting hydro-skis on shock struts. The essent ia l  
principle of  operation  of  the shock-mounted hydro-ski i s  that the shock 
strut permits a grea te r   ver t ica l   t rave l  of the   a i rc raf t  than the r ig id ly  
mounted ski  does. This greater travel over which the   ver t ica l  momentum 
can  be dissipated results i n  a smaller hydrodymmic force.  The shock 
strut has the addi t ioaal  desirable feature of reducing rebound velocity, 
thereby minfmizing the tendency of the  ini t ia l   condi t ions of  subsequent 
impacts t o  be more severe than  the  conditiom  of  the first inpact in a 
landing run. 
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There are three basic methods f o r  mounting hydro-skis on shock 
s t ru t s ,  examples of which axe i l l u s t r a t ed   i n   f i gu re  7. One method, 
shown at the upper l e f t ,  consists of mounting the hydro-ski so that 
its trim relative t o  the aircraft i s  constant, with the shock s t r u t  
acting as i n  a conventional land3ng-gear  arrangement. A second method, 
shown at the upper right, consists of mounting the  hydro-ski so that it 
may trim re la t ive   t o   t he   a i r c ra f t ,  uith the shock strut r e s i s t i ng  the 
trinnning motion. The lat ter type of shock-mounted hydro-ski has been 
employed i n  a current  design. A t h i r d  method, shown a t  the bottom, 
consists of using variable-dead-rise skis with hinged sides and  employing 
shock struts that resist upward flapping of these  sides. 

The method developed f o r  computing loads and motions during hydro- 
s k i  impacts has been  adapted t o  impact calculat ions  for  the fixed- 
trim type  of shock-mounted hydro-ski. The result of a sample computa- 
t ion is i l l u s t r a t ed   i n   f i gu re  8, which provtdes an estlmate of the  
amount of load reduction that mfght be provided by the  fixed-trim type 
of shock  mounting. This example represents a typ ica l  high-speed 
landing  of a 16,000-pound a i r c r a f t  equipped with twin  flat-bottomed 
rectangular  hydro-skis, 2 feet wide. The upper l h e  in the  plot  repre- 
sents  the  r igid  case and the lower l ine  represents  the  shock-mounted 
case,  both  for the same ski .  The load reduction  achieved by the shock 
s t r u t  fo r  t h i s  case was 35 percent, whereas the ve r t i ca l  rebound velocity, 
not shown here, was reduced by 50 percent. Some experimental  checks of 
t h i s  analyt ical  approach a r e  contemplated upon completion of landing 
t e s t s  now being  conducted at the ta r ing  tanks with free-flying  scale 
models. 

The decrease  in landing loads achieved  by means of  shock s t r u t s  
can also be realized  through the use of narrower skis. Such skis would, 
however, exhibit  increased drag during the take-off run. The designer 
may therefore  sacrifice  part  of the inherent  landing-load-reducing 
qual i ty  of  the nazrower s k i  f o r  an increase  of  take-off lift-drag r a t i o  
by using a wider s k i  mounted on a shock s t r u t .  

Estimation of Water Pressure Distribution 

on Impacting Hydro -Skis 

The water-pressure  distribution on an impacting  hydro-ski, which 
is of i n t e re s t   fo r  s k i  design and fo r  obtain- the variation of pitching 
moment on an   a i rc raf t  during landing, w i l l  now be considered. A method 
has been  advanced for  estimating  the  instantaneous pressure d is t r ibu t ion  
on straight-sided  rectangular  hydro-skis  during  water impact (ref. 28). 
This method is  based on the  observation that the pressure d is t r ibu t ion  
along  the  longitudinal  center  line  of a rectangular  flat-bottomed sk i  
depends on ly  on the normal-force coefficient.  On this basis, the 

. 

. 
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longitudinal-center-line  pressure  distribution  for an immersing  ski at 
a given t r i m  may be  obtained f r o m  the  classical  two-dimensional  pressure 
distribution  (ref. 29) for an infinitely  wide  planing  plate  at  the  trim 
for which  the  normal-force  coefficient is the  same  as  that of the  ski. 

To Illustrate  the  accuracy of this  procedure,  figure 9 presents 
comparisons of the  pressure  estimation  procedure  with  experimental data 
fcr  flat  and  V-bottom  rectangular  hydro-skis  (refs. 9 and 30) , respec- 
tively. The computed  longitudinal-center-line  distributions  were  obtained 
by  the  method  mentioned,  whereas  the cmputed transverse  distributions 
were  obtained from modifications of classical  two-dimensional  wide-  and 
narrow-body  theories  (refs. 31 and 32). These campmisons demonstrate 
that  the  pressure-estimation  procedure may be  used  with  reasonable  accu- 
racy  to  evaluate  the  effects of aspect  ratio  on  hydro-ski  pressure  dis- 
tributions  during  impact.  The  effects  of a wheel  well and a pulled-up 
bas on hydro-ski pressure  distribution  are sham in reference 33. 

Methods  developed  at  the NACA for  calculating loads and pressure 
distributions  during  water landings of hydro-ski-equipped  aircraft  have 
been  summarized  for  both  the  rigid  and  shock  mounted  skis.  Samples of 
comparison  with  experiment  indicated  that  these  methods  should be reason- 
ably  applicable  over  the  practical  ranges for simple  configurations.  For 
more  complex  configurations  additional  problems may exist.  Some of these 
problems  include  determination of the  effects of trimming  shock  mounts 
on ski loads, the  effects of longitudinal ski twist  and of extreme  longi- 
tudinal  curvature,  ski  upwash lads on  fuselages, and impact loads on 
s k i s  following  submergence of the  leading  edge  below  the  water  surface. 

Langley  Aeronaut  ical  Laboratory, 
National  Advisory  Committee for Aeronautics, 

LBngLey Field, Va., April 21, 1953. 
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HYDRO-SKI-EQUIPPED AIRCRAFT IN 
THE LANDING CONDITION 
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IMPACT LOAD ON A V-BOTTOM RECTANGULAR HYDRO-SKI 
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COMPARISON OF RECTANGULAR AND V-STEP HYDRO-SKI  IMPACTS 
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-64 .d8 .;2 .116 .E!O 22 .'2b .;2 
TIME  AFTER  CONTACT.  SEC 

Figure 5. 

EFFECT OF CHINE  IMMERSION 
VR 8 110 MPH;  WEIGHT PER SKI, 8,000 LB 

MAX. 
I M WCT 
LOAD 

FACTOR, 
g UNITS 

0 4 8 
Y I 1 1 

FLIGHT-PATH  ANGLE AT CONTACT, DEG 

I 

12 I6 20 24 

Figure 6. 
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1 

* 

METHODS OF SHOCK-MOUNTING HYDRO-SKIS 

TRANSLATING SKI TRIMMING SKI 

*CK STRUTS 

VARYING-DEAD-RISE SKI 

Figure 7 .  

COMPARISON OF HYDRO-SKI: LANDINGS 
WITHOUT SHOCK STRUTS 

4 1 
3 

WITH AND 

SHOCK-MOUNTED SKI 
(FIXED-TRIM TYPE) 

TIME AFTER CONTACT, SEC 

Figure 8. 
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CALCULATED AND EXPERIMENTAL  PRESSURE 
DISTRIBUTIONS 

,-CALCULATED 

FLAT-PLATE SKI 30’ DEAD RISE 
V-BOTTOM SKI 

Figure 9. 
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